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Reciprocal plantings of populations of broomsedge, 
taken from an abandoned strip mine and from an abandoned 
farm plot in south central Kentucky , on strip mine spoil and 
abandoned field soil resulted in patterns of populational 
differentiation. Clonal plantings of populations from 
strip mine habitats and old field development appeared equal 
in height and biomass when grown on old field soils in both 
field trials and growth chamber studies. Populations of 
strip mine habitat origin showed greater growth a r.1 biomass 
production compared to old field populations when planted 
in strip mine soils in field trials and controlled growth 
experiments. Later flowering in strip mine populations 
may be a key t o survival strategy in the harsh microclimates 
of spoil banks . Andropogon virginicus L. may prove to be a 
significant and economically sound species in reclamation 
programs . 
vii 
INTRODUCTION 
The concept of ecotypic differentiation proPosed by 
Turesson (1922) provided an approach for e~Lning the 
range of genetic variation in species which have a varied 
geographic and habitat distribution . Only a few species of 
Plants in the world have been eXamined for ecotypic 
differentiation according to Hiesey and Milner (1965). One 
species that has recently been eXamined for interPoPulational 
variation is Andropogon virginicus L. Studies of this genus 
(Bragg and McMillan, 1966; Chapman and Jones, 1975; Golley 
and Gentry, 1966; Hanks, 1971; Keever, 1950; McMillan, 1956a, 
1956b, 1959, 1964, 1965, 1969; Quarterman, 1957; Rice, 1972; 
Voigt, 1953. 1959) have confirmed the Potential of 
POPulational differences within this taxon which grows in 
a variety of habitats in North America. These studies 
provide a basis for examination of other habitats such as 
strip mines . Until the variation is known for many specific 
POPulations that colonize habitats as strip mines. proPer 
restorative management in such areas of reclamation Cannot 
be applied. KnoNledge of ecotypic differences in such 
Plants as broomsedge Could be of tremendous imPortance in 
the future to the cost and maintenance of reclaimed strip 
mines . Andropogon virginicu§ also needs further 
investigation as to its ecotypical characteristics in the 
various PoPulations in the State of Kentucky. Noticeably 
1 
lacking are studies involving this species within its range 
of distribution in Kentucky and elsewhere, since most of 
the research of A. virginicus has been conducted on old 
fields only. Also, there seems to be no existing literature 
relating to the growth patterns of broomsedge on strip 
mines . For these reasons the present study Was undertaken. 
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Based on the work of Chapman and Jones (1975) concerning 
ecotypic differentiation in A. virginicus, and Rice's (1972) 
study on allelopathic effects and persistence in old fields 
of A. virginicus, it was decided to examine ecotypical 
variation in two south central Kentucky PoPulations of 
A. virginicus when grown under controlled environmental 
conditions on coal mine sPOil soils. 
In addition to examining Possible ecotypical variation, 
a pilot project was begun to study the effects of A. 
virginicus aqueous extract on Thiobacillus ferrooxidans 
Temple and Colmer. Since T. ferrooxidans is a chemosynthetic 
bacterium that is responsible for acids released from coal 
sPOils (Beck, 1960) any chemical inhibition of this species 
by extracts from a grass such as A. virginicus might prove 
to be an important management tool in reclamation projects. 
Andropogon virginicus ranges north to Massachusetts , 
New York, Ohio, Indiana, Illinois; west to Missouri, Kansas, 
Oklahoma; east to the coastal states; and south to Florida, 
Texas, and Mexico. Andropogon virginicus has been referred 
to as one of th~ most serious pasture weeds in the South 
especially on marginal lands. Andropogon virginicus is 
found mostly on poor, r un down pasture fields. in open 
meadows, and on abandoned strip mines. Common names for 
A. virginicus vary considerably in different lOCalities. 
Fiv~ cf the most common are beard-grass, sedge- grass, broom 
grass, Virginia beard-grass, and broomsedge (Fernald, 1950). 
Fernald (1950) recognized five varieties of A. 
virginicus: (1) glaucu§ Hack; (2) tetrastachyus (Ell.) 
Hack; (J ) glaucopsis (Ell . ) Hitchc . ; (4) hirsutior (Hack) 
Hitchc . ; and (5) abbreviatus (Hack ) Fern. and Grisc . Two of 
the varieties are found in Kentucky--tetrastachyus on dry 
sandy or rocky areas; and hirsutior in sWamps, marshes , or 
savannas. The POPulations used in this stUdy are considered 
to be the variety tetrastachyus. 
Andropogon virginicus is USUally referred to as a 
weed, a plant not intentionally sown, generally unPalatable 
for livestock. 
It is a Perennial and stores reserve food 
in its root system. Andropogon virginicus continues to 
sprout again and again after the tops are destroyed. 
Broorr.3edge is easily established and spreads rapidly . It is 
aPParently reSistant to dro ught stress , temperature stress , 
and nutrient deficient Soils. Growing in small erect clumps, 
it is light green Wh en young, but turns reddish brown When 
mature . There are several stems in each tuft. The stems are 
slightly flattened, one to five meters tall, and the uPPer 
Part is Usually branched to the third node above the base. 
The leaves are folded or flattened , USUally 14 to 26 cm 
long and 0.64 cm wide, with a hairy uPPer surface where the 
leaves attach to the stem (Fernald, 1950). The roots are 
densely fibrous. 
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The fruiting head , a panicle, consists of two to four 
fingerlike clusters each 1. 90 cm to 3 .81 cm long, having 
cons~icuous tufts of white hairs, enclosed by reddish brown 
leaves . The inflorescence is slender, elongated, simple, 
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or subsimple. Racemes are mostly paired, 2.54 cm to 6. 35 cm 
long , with white hairs . Spikelets are grouped by two, o:,e 
sessile and one fertile . Both are about 0.64 cm long . The 
sessile spikelet very seldom develops . Spikes protrude 
from the subsessile to short stalked sPathes which are 
slender , flexous, and about 0.64 c long (Fernald, 1950) . 
Andropogon virginicus is propagated by seeds . It 
normally blooms from July to September . The seeds are 
generally produced from late August to October . Seeds are 
0 . 32 cm long , brown , and bearded . Awns are straight or 
spiraling at the base . At the tip the awn is nearly 1.27 cm 
long. The seeds are oat like in form. Seed production is 
very good and the hairy attachments help the seeds to be 
widely dispersed by the wind (Fernald, 1950). 
Little work has been done on the patterns of adaptation 
of plant species that invade spoil banks . Preliminary 
investigations and unpublished work by J . E . Winstead , at 
Western hentucky Universit~ have shown indications of soil 
ecotypes of A. virginicu8 . This species is well established 
as to its functional status in old field succession (Keever , 
1950 ; Rice , 1972). This study focused upon the response of 
two different populations of broomsedge to both field 
conditions and laboratory controlled experiments . 
MATERIALS AND METHODS 
Clones and seeds of A. virginicus were obtained during 
the fall of 1977 from two areas in south central Kentucky. 
The two collection sit~s. though not greatly separated by 
latitude. represent two distinct habitats approximately 
40 km apart. The more northern site is an abandoned strip 
mine at Morgantown in Butler County. 370 14' north latitude. 
In contrast. the southern site is an abandoned field not 
cultivated during the past 15 years at Bowling Green in 
Warren County. 360 52' north latitude. 
Clumps of the grass were removed from their respective 
habitats and stored in plastic bags at 4 C. When used. the 
roots were cleaned . stem tops cut, and reciprocal plantings 
mad e using individual clones ranging in weight from 4 . 2 to 
29 . 6 g . For field test plots the strip mine in Butler 
County was used, and for old field plantings an abandoned 
field in Allen County was chosen. The Allen County site, 
approximately 40 km southeast of Bowling Green , was chosen 
to avoid disturbance by man and domesticated animals. On 
May 15. 1978 . a total of sixty plants were planted in each 
test plot. Thirty plants from the strip mine habitat and 
thirty plants from the old field site were arranged in a 
completely random design using the Random Digit Table 
(Steel and Torrie, 1960). Due to the vandalization of the 
strip mine plot by unknown individuals on motorized trail 
bikes, the observations were terminated on October 1, 1978 
from the field t~st sites . 
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A total of 80 plants was started in the greenhouse on 
November ), 1977. A total of 20 plants from each population 
was potted in autoclaved soil removed from the strip mine 
site, and 20 plants of each population were potted in 
autoclaved soil taken from the old field site in Warren 
County. Plastic pots of 1.5 1 capacity were used for each 
individual plant. Gre enhouse growth conditions were under 
the natural photoperiod of Bowling Green, and the temperature 
ranged from 12.2 C to 42.4 C. 
On February 2 , 1978 , 40 plants were moved from the 
greenhouse into two growth chambers with each o f the 
chambers (Environator Corporation OCodel E 2448) being 
programmed for day-night temperatures of 29 .4 C - 18.) C 
(12 hours each temperature) . Actual day lengths of the 
chambers, however, were maintained at 16 hours using bot h 
incandescent and fluorescent lighting. The combined light 
intensity at the level of the plant tops ranged from 64 60 to 
8600 lux. The cooler "night" temperature of 18.) C was in 
effect for the first t wo hours and the last two ho urs of 
each controlled "day" light period of 16 hours. The total 
of 40 plants in the growth chambers consisted of 10 strip 
mine plants on strip mine soil, 10 strip mine plants on old 
field soil , 10 old field plants on old field soil, and 10 
old field plants on strip mine soil. Being evenly divlded 
between each of the growth chambers, the plants were 
arranged in a compl etely r andom design us ing the Random 
Di git Ta bl e (Steel and Tor r ie , 1 960 ). 
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The remaining 40 greenhouse plants represented reciprocal 
plantings and control s , as did those in the growth chambers . 
Those plants were also arranged in a completely random 
design during the length of the test. 
Measurements of the height of A. virginicus plants 
were made at the beginning of the program and at weekly 
inter vals f or all the replicates in the greenhouse , in the 
growth chambers , and in the field plots . In the growth 
chambers and the greenhouse tests. each plant was clipped 
the the pot top at the termination of the program and the 
growth weighed to determine the biomass after drying 48 hours 
at 80 C. Each clonal specimum was checked regularly for 
the date of anthesis . 
A LaMotte Combination Soil Testing Outfit (Model STH-14) 
was used to test the soil samples for pH , phosphorus, 
potassium . and nitrogen. The hydrometer method (Bouyoucos. 
1936 ) was used to determine the soil texture of the three 
soil samples (old field in Warren County ; old field plot 
in Allen County; and the strip mine plot in Butler County). 
For comparing the high-low temperature received by 
plants in the field to that received by those in the growth 
chambers and the greenhouse . temperature recordings of the 
h i gh-low temperatura were taken weekly at the soil level 
with t wo Taylor Number 5458 Maximum-Minimum Self Registering 
Thermometers at opposite ends of each plot at right angles to 
each other . Also , weekly readings of the high-low 
8 
temperature were recorded for the greenhouse . 
Andropogon virginicus seeds were removed from their 
caryopses on January )1, 1978, after being stored at 4 C 
since Oc t ober 28, 1977. A five cm layer of sand was placed 
in a tray, and seeds of the broomsedge from respective 
locations were dispersed on the top of that layer with 
another five cm layer of sand placed over the seeds. After 
the sand was moistened with water, the trays were covered 
with plastic to prevent moisture loss and placed in the cold 
chamber at 4 C for two weeks. The trays were then placed 
in growth chambers under constant light and an alternating 
thermoperiod of 12 hours at 29.4 C and 12 hours at 18.) C 
a s recommended by Ahring (196)}. 
The bacterium , Thiobacillus ferrooxidans, was obtained 
from the American Type Culture Collection , Rockville, 
Maryland . A Thiobacillus broth from the Difco Laboratories, 
Detroit, Michigan, was used for both broth and plate cultures. 
An extract was made from five g of dead stem, live stem, 
or the root material of A. virginicus per 100 ml of 
distilled water giving a 1/20 concentration. This mixture 
was placed in a Waring Blender at maximum speed for one 
minute . After the extract was run through Whitman Filter 
Paper , five drops of the extract were then pipetted into 
each tube of colony of the bacteria . In this case, the 
colonies were already established before being exposed to 
the extract . Distilled water was used for the control. 
The results of the pilot proJect warranted further 
tests with the live stem and the root material at concentrations 
of 1/20, I i 0, and 1/80. Distilled water was used as the 
control in all cases. The inoculation of the plates with 
bacteria was followed by expos~r.e to the aqueous extract 
which had been forced through a millipore filter with 
millipore type HA 0.45 pore size. Replicates were grown 
in a growth chamber, in a desiccator, and at room 
temperature. Different methods were used including (1) the 
drilling of wells ; (2) swabbing with a sterile swab; and 
(J) pipetting of one drop per colony of the aqueous extract . 
RESULTS 
Analysis of two populations of A. virginicus indicated 
patterns of populational differentiation with regard to 
height of plant, biomass, and the time of flowering. This 
study also revealed a phenological pattern of initial slower 
growth by strip mine plants under all conditions. In 
addition, the later flowering time of the strip mine plants 
may be a survival strategy mechanism to the harsh 
microclimates of the spoil banks. The attempt to germinate 
seeds of broomsedge was unsuccessful, and the introductory 
investigation of the effects of plant material extract on 
the bacterium , Thiobacillus ferrooxidans, was not completed 
during the course of the study. 
The weekly temperature readings comparing the strip 
mine plot, the old field plot, and the greenhouse showed 
a higher average temperature on the strip mine plot as 
compared to the old field plot and to the greenhouse. There 
was a much greater temperature differential at the strip 
mine plot as compared to t he old field plot and to the 
greenhouse (Table 1). 
By September 12, 1978, all the old field plants in the 
Allen County test site had flowered , but it Was not until 
October 10, 1978, that antb~sis occurred in all the strip mine 
plants (Table 2). The strip mine plot was destroyed by 
10 
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Table 1. Temperature (C) ranges of strip mine, old field, 
and greenhouse from June 27 to October 17, 19781 , 
Strip Mine Habitat 
Thermometer 1 
Thermometer 2 
Old Field Habitat 
Thermometer 1 
Thermometer 2 
Greenhouse Habitat 
Thermometer 1 
1Temperature recorded 
thermometers. 
Average high Average low 
temperature temperature 
47.1 16.6 
46.6 16.7 
)6 .5 15.2 
)9.2 17.1 
)2.9 18.4 
Difference 
)0.5 
29.9 
21.) 
22 .1 
14.5 
each week with maximum-minimum 
12 
Table 2. Time of anthesis in two populations of broomsedge 
from time of planting on May 15. 1978. in old 
field test plot. 
Plant Old field Plant Strip mine 
number population number population 
1 Sept. 12 1 Oct. 10 
2 Sept. 12 2 Oct. 10 
J Sept. 12 J Oct. 10 
4 Sept. 12 4 Oct. 10 
5 Sept. 12 5 Oct. 10 
6 Sept. 12 6 Oct. 10 
7 Sept. 12 7 Oct. 10 
8 Oct. 10 
Average 
time from 
planting: 129 days 148 days 
vandals ; therefore, no data were obtained. 
Results from the soil test analyses are summarized in 
Table J. The strip mine soil in Butler County showed an 
acidic pH of 4.2. Old field soils, both in Warren County 
and in Allen County, had a slightly acidic pH of 6.6. The 
Warren County old field had a moderate amount of nitrogen 
13 
as compared to the old field in Allen County and the strip 
mine in Butler County which were low in nitrogen . Phosphorus 
content was very high in all instances . Potassium was present 
in moderate amounts in both old fields but was very 
deficient in the strip mine in Butler County. 
The hydrometer method was used to determine the 
percentage of silt, sand, and clay. The old field site in 
Warren County was found to be a silty clay loam with a high 
percentage of silt particles. The old field site in Allen 
County was loam in soil designation having a high percentage 
of sand sized particles. The strip mine in Butler County 
was designated as silty clay having almost equal percentages 
of silt and clay particles. Soil characteristics are 
summarized in Table 4. 
The growth responses of A. virginicus on reciprocal 
soil planting s under controlled conditions in the greenhouse 
and in growth chambers are shown in Tables 5. 6. and 7. The 
percent drop of old field plants on strip mine soil 
compared to that population's growth on old field soil was 
highly significant (p < 0 01). while the percent drop of the 
strip mine plants was nonsignificant (p <0.05). During the 
first four months the strip mine plants showed more rapid 
14 
Table 3. Chemical analyses of pH, nitrogen, phosphorus, 
and potassium in soils from strip mine and old 
field habitats used in growing two populations 
of broomsedge. 
strip mine Warren County Alle:1 County 
soil old field c. ld field 
pH 4.2 6.6 6.6 
N 11 Kg/ha 45 Kg/ha 11 
Kg/ha 
p 168 Kg/ha 224 Kg/ha 224 Kg/ha 
K <112 Kg/ha 168 Kg/ha 190 Kg/ha 
15 
Table 4. Texture analyses of soils from strip mine and old 
field habitats used in growing two populations of 
broomsedgel . 
Strip mine Warren County Allen County 
soil old field old field 
Silt % 44.2 63 .5 33.3 
Sand % 9.3 5.8 48.8 
Clay % 46.5 30.7 17.9 
Designation Silty Clay Sil ty Clay Loam Loam 
lAnalysis of texture follows standards set by Bouyoucos 
(1936) • 
Table 5. Average height (cm) of 17-20 plants of each 
Plantingl under greenhouse conditions. 
Month SM/OF SM/SM OF/OF OF/SM 
February 2.9 2.) 2.7 2.3 
Y. arch 4.0 ).7 4.2 ).0 
April 6.4 ). 8 6.1 4.1 
May 8.2 ). 7 7.6 2.7 
June 24.1 10.5 24.6 8.8 
July 48.1 25.0 50.9 24.5 
August 54. ) )1.5 59.9 )0.1 
September 77.5 56.5 90.7 49.1 
16 
I Planting codes indicate the following I SM/OF, strip mine 
plants in old field soill SM/SM, strip mine plants in strip 
mine soil: OF/OF, old field plants in old field soil/ 
OF/S.w. , old field plants in strip mine soil. 
.' 
Table 6. Average height (cm) of 17-20 plants of each 
planting1 under growth chamber conditions. 
Month SM/OF SM/SM OF/OF OF/SM 
February 4.9 4.4 4.3 4.7 
March 8.6 6.8 8.1 5.9 
April 17.2 11.8 16.7 8.1 
May 23.5 16.1 23.4 13.8 
June 31.1 20.1 3).) 16 . 9 
July )8 . 0 20.1 45.1 22 . 8 
August 42.7 32 . 9 50.2 29.9 
September 50.) 37.0 55.7 34.5 
17 
1P1anting codes are identical to those designated in Table 5. 
IS 
Table 7. Comparison and statistical analysisl of average 
height (cm) of 17-20 plants of the two populations 
after eight months of reciprocal plantings and 
controls under greenhouse and growth chamber 
conditions. 
SM/OF SM/SM OF/OF OF/SM 
Greenhouse Conditions 
77.5a 56.5a 90 . 7a 49 .lb 
% Drop : 26.Sn • s • % Drop: 45 . 9** 
Growth Chamber Conditions 
50.)a )7 .0a 55 . 7a )4.5b 
% DroPs 26 .4n •s • % Drop: )8 . 1** 
lDuncan's Multiple Range Test was conducted within a row of 
means. Me?ns followed by the same letter are not 
significantly different (p < O. 01). Means followed by 
different letters are highly significantly different 
(p < O. Ol) . 
Superscripts on % Drop values ares n . s . being nonsignificant. 
** being highly significant at p <0 . 01 level. 
19 
growth in height than the old field Plants , but the last 
four months the old field plants on the old field soil grew 
more rapidly than the str.ip mine plants on the old field soil. 
In all cases, the old field Plants on the strip mine soil 
exhibited the least growth . 
The biomass measures on reciprocal soil Plantings and 
controls under controlled conditions showed that the difference 
of less biomass production by old field plants than the strip 
mine Plants Was highly significant (p < 0.01) when comparing 
strip mine plants on strip mine soil and old field plants on 
strip mine soil . The difference or percent drop of the 
average dry Weight of old field Plants on old field soil 
compared to that POPulation's growth on strip mine soil was 
highly significant (p < 0.01). Strip mine plants on strip 
mine soil contrasted to that pOPulation's growth on old 
field soil showed a highly significant percent drop or 
average dry weight. These results are summarized in Tables 
8 and 7. 
Results of the growth respOnse of broomsedge on the 
field plots are shown in Table 10. The plants on the strip 
mine had a lower survival rate than those on the old field . 
Strip mine plants showed greater average height when grown 
on the strip mine soil as compared to the old field plants 
on the strip mine soil . This pOrtion of data had to be 
terminated due to vandalism of the strip mine plot . 
The old field habi tat had a higher average rainfall than 
the strip mine habitat (Table 11). There Was less rainfall 
at the strip mine plot as compared to the old field 
Table 8. Stem and leaf dry weights (g) of all plants 
exhibiting anthesis after 210 days of growth in 
greenhouse and growth chamber tests1. 
SM/OF SM/SM OF/OF OF/SM 
20 
-
Greenhouse Conditions 
4.41 1. 23 3.26 0.90 
3.28 2.00 4.83 1.16 
3.53 1.15 5.05 1.35 
5.62 1.87 6.25 1.34 
5 .30 2.7J 4 . 90 1.19 
3.59 1.16 
5.34 
Avg . 4.43 1.80 4 . 75 1.18 
Growth Chamber Conditions 
3.04 1.87 4.30 1.98 
3.05 0.39 4.31 0.58 
4.64 1.57 4.33 0.77 
4.01 1.80 4 . 72 1.97 
4.88 1.69 3 . 45 1.14 
1.92 1.71 5 .47 
Avg . 3.59 1.51 4.43 1.29 
1 1 . codes identical to those designated in Table 5. 
P antmg 
Table 9. Comparison and statistical analysisl of average 
dry weight2 (g ) of reciprocal Plantings and 
contr ols under greenhouse and growth chamber 
conditions. 
SM/OF SM/SM OF/OF OF/Sf>'! 
Greenhouse Conditions 
4.4Ja 1.BOb 4.75a 1.lBc 
% Drop: ** % 75 . 2** 59.4 Drop, 
Growth Chamber Conditions 
J . 59a 1.51 b 4 .4Ja 1.29c 
% Drop: 57 .9** % Drop: 70 . 9** 
lDuncan's Multiple Range Test was conducted within a row 
of means. Means followed by the same letter are not 
21 
significantly different (p , 0 .01). Means followed by 
different l etters are highly Significantly different (p < 0.01). 
Superscript (**) on % Drop values is denoting highly 
significant differences at p <0.01 level. 
2Data taken from Table B. 
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Table 10. Average heightl ( em) of reciprocal plantings and 
controls in field test plots. 
Old Field Plot Strip Mine Plot 
Date 3M pop. OF pop. SM pop. OF pop. 
June 4.5 ( 12) ).9 (l. ) ---- ----
July 14.0 (12) 11.8 (1) ---- ----
August )0.5 (14) 24.8 (17) 7.4 ( 6) 7.4 (4) 
September 41.2 (20) 4).6 (20) 1).7 (6) 6 .) (4) 
October 5).9 (20 ) 57.7 (20) 
November 57.5 ( 20) 57.7 (20 ) 
December 57.5 (20) 61.) ( 20) 
INumber of plants being measured in parenthesis. 
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Table 11. Total rainfall (em) recorded at weather stations 
closest to field test plots during course of 
studyl. 
Months (1978) 
May 
June 
July 
August 
September 
Totals 
Avg. for 5 
months 
Strip Mine Plot 
(Butler Co.) 
16.05 
10.76 
11.35 
6.8) 
1.04 
45.98 
9.20 
Old Field Plot 
(Allen Co.) 
13.56 
12.72 
17.78 
20.90 
4 .14 
68 .98 
13.80 
lRainfall data obtained from records provided by the 
National Oceanic and Atmospheric Administration, Asheville, 
North Carolina. 
plot. The rainfall was less in the late summer. 
The A. virginicus seeds germinated very poorly. 
Only two seeds germinated from the strip mine population, 
and one seed germinated from the old field population. The 
germination failure may have been due to an inadequate period 
of cold treatment and thus would require further work. 
The pilot project showed inhibition of Thiobacillus 
ferrooxidans with the aqueous extract from the live stem 
material and the root material. There was no inhibition of 
Thiobacillus ferrooxidans with the aqueous extract from the 
dead stem material nor with the distilled water used as a 
control. Later trials to further test this extract 
resulted in contamination of the plates and, thus, no 
test results. 
DISCUSSION 
The data presented in this study outline phenological 
responses of two populations of Andropogon virginicus 
from south central Kentucky exposed to controlled test and 
uniform conditions on abandoned farm land and strip mine 
spoil. The two populations exhibited a difference in height, 
biomass, and time of flowering. These differences may be 
indications of a survival mechanism for adapting to the 
harsh microclimate of the spoil banks. Temperature extremes, 
soil with a lack of nutrients, and rainfall differential 
(late summer drought) are all factors which characterize a 
harsh environment on the strip mine area as opposed to the 
old field habitat. 
Most spoil banks are deficient in one or more of the 
essential mineral elements (N, P , K, S, Ca, Fe, and Mg) . 
It is widely known that nitrogen, if present, occurs at 
very low concentrations on spoil banks . Also, most spoil 
banks are often deficient in potassium and/or pho sphorus 
(Plass, 1975; Barnhisel and Massey, 1969). The strip mine 
soil from Butler County was very acidic and was deficient in 
nitrogen and potassium. 
Chapman and Jones (1975) working in the Piedmont Plateau 
region from North Carolina to Alabama concluded from their 
study that stress on A. virginicus is less severe in an old 
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field than on granite outcrops. The environmental differences 
were numerous. but drought and nutrients were the most 
outstanding. In their study. the plants growing on 
granite outcrops exhibited a greater uptake of phosphorous. 
The availability of nutrients may be a major determinant of 
the flora of an entire region. and of plant distributiC' :J on 
a smaller scale. Broomsedge populations from granite 
outcrops were shown to be genetically different from those 
in an old field. 
The present study showed that stress in less severe 
in an old field as compared to a strip mine. Temperature, 
rainfall. and nutrients affect the adaptation of broomsedge 
to the spoil banks. Broomsedge f r om the strip mine in 
Butler County has shown patterns that suggest genetic 
differences from PoPulations in an old field. 
There was a much greater rainfall differential at the 
strip mine site as oPPOsed to the old field habitat. The 
pla!ts on the strip mine spoil were subjecte d to less 
rainfall than were the plants in the old field plot. Less 
rainfall combined with temperature extremes made t he strip 
mine area a harsher environment for survival. Even with 
equal rainfall . strip mine habitats are noted to exhibit 
more water loss due to r unoff and erosion. The strip mine 
plot had a higher average temperature as compared to the 
old field plot and greenhouse. There is a much greater 
temperature differential at the strip mine plot as compared 
to the old field plot and to the greenhouse . The plants on 
the strip mine had a lower survival rate as compared to 
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the plants on the old field. Strip mine plants grew better 
on the strip mine soil as compared to the old field plants 
on strip mine soil. That difference may be due to a delay 
in growth as a protective mechanism in a harsh environment. 
The later flowering time of the strip mine plants hints 
at a phenological pattern. A differential temperp . .;ure 
regime at the time of floral initiation may be respOnsible 
1'or the wide variance in the flowering data in this species 
(DeSelm, 1960). The flowering gradient within a species in 
controlled conditions covered a longer span of time than in 
the natural habitat (McMillan, 1956b). The later flowering 
time of the strip mine plants may be an indication of 
slower growth and/or lower metabolic rate which might be 
protective mechanisms in a harsh environment . 
Parson's study in 1968 showed that grasses of infertile 
soil grew slower than grasses of fertile soil. Similar 
results were also obtained by Bradshaw , et al., 1964. The 
slow growing species might be at a selective advantage ~n 
infertile soil since the requirements for nutrients would 
not exceed t heir availability . There is also a pOsitive 
correlation between soil fertility and drought susceptibility . 
Environmental selection of plants with slow growth rates 
i s a frequent and simple form of adaptation. 
This study showed that the percentage drop of the 
difference in the average height of the old field plants 
was highly significant, While the percentage drop in the 
average height of the strip mine plants was nonsignifi cant 
when comparing growth on the two soils. The biomass measures 
showed that the difference of both POPulations on strip 
mine soil was highly significant. The difference of the 
strip mine plants on strip mine soil compared to the old 
field plants on strip mine soil Was highly significant, 
also . The biomass measures also showed that strip mine 
plants when grown on strip mine soil were more productive 
than old field individuals when grown on strip mine soil. 
This productivity indicated that strip mine plants are 
better suited to a harsh environment than old field plants. 
The comparative growth of these POPulations under the 
tests conducted indicated ecotypical differentiation and 
probably the selection of genotypes for the strip mine 
habitat . 
Several factors which influence the success of 
handling numerous and diverse lots of grass seeds include 
(1) extracted caryopsis or rough pure seed units, (2) 
different germination-temperature level; and () differences 
in si7.0 and age of seedlings at the time of transPlanting 
to individual Paper bands in flats containing seeds. 
Extracted caryoPses usually germinate faster and more 
completely than caryopses left in their enclosing appendages. 
Seeds of A. virginicus can be extracted without damage. 
Cold treatment at 4 C for a period of three to four months 
to break down the inhibitor of germination is necessary. 
Temperatures of constant )0 C or alternating 20 C for 16 
hours and 30 C for 8 hours were better for germinating the 
seeds according to a study done by Ahring (196). The 
low germination rate achieved in the present study may 
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have been due to a shorter cold treatment period. 
In many ways, native species appear to offer an even 
greater promise than do related species that may be 
introduced to an area . None have the resi s tance to 
drought , temperature, or problem soils that is already 
present in the native species . AndroPogon virginicus nas 
a known degree of temperature tolerance, drought resistance, 
and adaptation to problem soils . It is easy to establish, 
highly productive , and easy to reproduce vegetatively. As 
a herbaceous species , A. virginicus provides a rapid and 
more complete cover . Maintainance is low, since it grows 
well on soil low in nitrogen and other nutrients . The 
use of other forage crops on strip mine areas is more 
expensive in terms of production and maintainance, as 
these are not native species to the area (Young , 1965) . 
In the western coal regions of the United States, the 
emphasis is on native plant species which provide a more 
permanent Cover once they become established (Plass , 1975) . 
The acidic water drainage with a pH as low as 2.2 is 
not uncommon for strip mine areas . The water is known as 
"yellow boy" or "copperous water" due to the oxidation and 
weathering of iron sulfites or crUde iron ore. Iron sulfates 
are oxidized to iron oxi dates which are black with orange 
and reddish colored sUlfites . However, it is now thought 
that the acid mine water is hem- synthetic . The microbial 
oxidation of iron pyrite is due to the bacterium, 
Thiobacillus ferrooxidans. I t is an iron oxidizing, short 
rod (0.5-1.0 um) with rounded ends. It is uSually single or 
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pair ed , rarely in chains . The colonies appear whi te and 
irregular in shape with regular turbidity . This microorganism 
is an obligate chemo1itho-autotroph (Buchanan and Gibbons, 
1974 ) • 
Rice (1972) hypothesized that A. virginicus could 
possibly produce chemicals inhibitory to other higher plants 
and to nitrogen-fixing bacteria . In addition, broomsedge is 
known to compete vigorously and grow well on soils of low 
fertility (Voigt, 1959) . Rice (1972) found that aqueous 
extracts of fresh roots and shoots of A. virginicus were 
inhibitory to growth of seedlings and to two species of 
Azotobacter , a free living nitrogen-fixer, and to two species 
of Rhizobium , a symbiotic nitrogen-fixer. This should g ive 
broomsedge a selective, competitive advantage over species 
higher in nitrogen requirements. Perhaps A. virginicus 
produces chemicals tha t are inhibitory not only to 
nitrogen-fixing bacteria, but also to iron-fixing bacteria 
such Qo Thiobaci11us ferrooxidans. 
Many studies of Thiobaci11us ferrooxidans ( Beck, 1 960, 
Elliott , 1960; Gonzalez, et ~., 1974; Kelly and Tuovine, 
1972 ; Kinsel , 1960 ; ROdriguez-Leiva and Pichuante s , 1 978 ; 
Shafia and Wilkinson, 1969; Silverman and Lundgren, 1959 ; 
and Temple and Colmer, 1951) have been conducted for isolation, 
stai~ing , nutrient requirements , and characteristics of the 
bacteria . Several variables involved in the testing of the 
inhibition of T. ferrooxidans by the aqueous extract of 
A. virginicus include the medium for growth, tenlperature, 
relative humidity, the use of the strain of bacteria in 
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expotential growth, and the pH of the extract . The pilot 
project showed the possible inhibition of T. ferrooxidans 
by the live stem material and the root material of A. 
virginicus in an aqueous extract and indicated the need for 
an indepth study of this implication. 
SUfiiMARY 
This study of reciprocal plantings of populations of 
Andropogon virginicus from an abandoned strip mine and 
from an abandoned farm plot in south central Kentucky on 
strip mine spoil and on abandoned field soil showed patterns 
of populational differentiation. Clonal plantings of 
populations of strip mine habitat and old field development 
appeared equal in height and biomass when grown un old 
field soils in both field trials and growth chambers. 
Populations of strip mine habitat origin showed greater 
growth and biomass production compared to the old field 
population when planted on strip mine soils in field trials 
and controlled growth experiments. The exact strateey or 
mechanism is not known. but the results hint at a 
phenolog ical pattern of slower initial growth by strip mine 
plants under all conditions. Later flowering time in the 
strip mine population may be a key to survival strategy on 
the harsh microclimates of spoil banks. Some remaining 
questions that need further investigation are differences 
in nutrient uptake . drought tolerance. temperature tolerance. 
and flowering times between populations. 
Investigation of the evolutionary processes involved in 
secondary succession of species that invade strip mines may 
provide valuable lessons in the continuing development 
of procedures for reclamation of land disturbed by surface 
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mining. By the end of 1965 in the State of Kentucky, there 
were 51,080 ha of land disturbed by coal mining. Of the 
51,080 ha, )1,680 ha needed treatment. By the end of 1965 
in the United States, 1,274,800 ha were disturbed by coal 
mining. Of the 1,274,800 ha, 816,000 ha needed treatment. 
The previous figures represented 50 percent due to surface 
mining and 50 percent less than ten years old in 1965 
(Barnhisel and Massey, 1969). 
Reclamation laws require that the strip mine areas be 
returned to their natural contours. It is important to 
return to economical use the increasing amounts of land 
disturbed by surface mining for coal. Spoll banks are a 
resource we must learn to use. Investigations of soil 
ecotypes may provide a new approach to reclamation of spoil 
banks by selecting populations of native species for Planting, 
especially those of herbaceous types which would show more 
rapid and more complete cover. Aodropogon virginicus may 
prove to be an important and an economically sOlmd species 
in reclamation programs--a striking departure from its 
current status. 
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